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ABSTRACT 
 
The objective of this buckling simulation is to analyze the increase of strength 
on a HS-75 profile with the addition of a diaphragm plate and to gain an 
understanding of the diaphragm plate analytical optimization. The HS-75 was 
observed in three different conditions. The first condition is analyzing the HS-
75 without any stiffener plate attach. The second condition is by attaching one 
diaphragm plate on the middle of the HS-75 beam, and the last observed 
object is a HS-75 beam with three diaphragm plate attach on certain places 
along the beam. The simulation of HS-75 is important to predict the actual 
strength or some other properties such as strain, deflection or deformation. 
Finite element is used to simulate the HS-75. First is preparing the 
simulation to produce the HS-75using the Ansys workbench software. The 
HS-75 properties should be attached, the Young modulus value, the Poison 
Ratio value and the Tensile Ultimate Strength value. The HS-75beam has a 
length of 1800 mm and a plate thickness of 0. 08 mm. Second is dividing HS-
75 in small parts as the beam mesh. Next step is attaching the loads work out 
on the beam. The last process is simulating the product by analyzing the 
directional deformation and the total deformation. FEM buckling static stress 
analysis is also simulated on three different beam conditions.  
The results show that at a maximum buckling load of 20. 000 N, the HS-75 
profile mild steel material with a three diaphragms attached deflect as big as 
14 mm. While the profile with one diaphragm attached deflect about 15 mm. 
For the profile without any diaphragm attached has a deflection of 20 mm. 
This is an indication that the profile with a three diaphragm attached was able 
to withstand the maximum load greater than either the profile attached with 
one diaphragm or the profile without any diaphragm attached.  
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INTRODUCTION 
Thin steel is has a relatively thin but has a big ratio between the width and thickness 
profile dimension. Cold formed steel which is familiar called as mild steel is a sort of 
cold formed steel plate which is cold formed in such a way under an atmospheric 
temperature [1].  
 To design a roof truss with lightweight steel is basically the same as the roof truss 
design with other materials. The principle of the design is how to choose a profile 
with a larger capability in handling a certain force but still not ignoring the economic 
consideration. A lightweight steel profile is formed from a 0. 73 mm to 1 mm 
thickness thin plate. If the material suffering a pressure load, then it will be buckled 
and when the material defeated a tensile load then on the weakest part which is the 
joint part it will be broken. It can be concluded that the aim of this design simulation 
is to find a profile that has the capability to cope these weaknesses [2].  
 A beam will bend if suffering a pressure both from the x-axis direction which is 
mention as the lateral buckling, from the y-axis direction which is called as the local 
buckling, and twist called as the torsional buckling. So, hopefully from the simulation 
analysis it is expected a profile design which could be able to withstand the force take 
place in these three types of buckling. If the inertia moment on the cross sectional area 
does not meet any of these curved bend over, an addition element could be attached 
on the beam as strengthening elements that could boost up the beam strength. Finally, 
the beam could hold up any of these three kind of buckling forces.  
 There are many studies on the light steel profile continues to get the best profile 
strength and stiffness. Based on the profile cross-sectional, a stiffener was used to 
strengthen the cold formed steel profile to reduce the local buckling. In Indonesia 
some profile models used are: the C-Sections, the Hat Sections (HS), the Z-sections, 
the I-sections and the T sections [3, 7].  
 This simulation research will just focus on the Hat-Sections Profile, just one of the 
profile models, not the others. The HS-75 is known as a profile that has stronger 
structure than other structures, such as the C-section profile. The HS-75 material was 
layer coated with zinc with a 6% aluminum, 3% Magnesium, and Zg-90 (140 gr/m
2
) 
composition. This profile is thin and light in weight but has an equivalent function 
compared with conventional steel. The Hat-sections profile was found to fulfill the 
ease assembly and construction. The HS-75 is thin, but HS-75 has a tensile strength of 
up to 550 MPa [4].  
 On the steel truss structure system, the HS-75 profile has a high reliability. It is 
necessary to observe further to find out the HS-75 profile, with a Diaphragm Plate as 
a stiffener attached, strength and stiffness. [5].  
 The profile properties strength would be increase as close as timber strength if it is 
attached with a Diaphragm Plate at a particular position along the beam. The 
investigations by The Network Information Center of Science and Technology 
(BPPT) resulted that there are two different damage mechanisms. First is, the 
concentrated compressive load interaction and the bending moment. Second is the 
axial compressive load. These two kinds of damage mechanism would be the basis of 
the plastic analysis development theory [6].  
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 It is expected that the HS-75 profile buckling test results, either for the HS-75 
profile without any diaphragm plate or the HS-75 profile with a diaphragm plate 
attached would give a positive. Research should also be continued to calculate the 
elastic buckling, the effective width and the longitudinal stiffeners [7, 13, 14].  
 The target of this HS-75 simulation research is to find out the profile strength 
increase if the profile is attached with a diaphragm plate, and of course to get the 
optimization analysis understanding of using the diaphragm plate towards the 
buckling forces.  
 
 
HAT SECTION (HS-75 PROFILE) 
Hat section profile (HS-75) was used as roof truss beam and pull roof truss to replace 
timber. HS-75 profile can be seen in Figure1below: 
 
 
 
Fig. 1: HS-75 profile[11] 
 
 
 Figure 2 shows the HS-75 profile dimensions: 
 
 
 
Fig. 2: HS-75 profile Dimension [11, 12] 
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 HS-75 profile properties data can be seen in table. 1 below: 
 
Table 1. HS-75 profile properties data [12].  
 
Profile type H (mm) h(mm) B(mm) W(mm) R(mm) D(mm) d(mm) t(mm) 
HS-75; 0.8 75 70.22 40 35.22 1.59 25 22.61 0.80 
HS-75; 0.5 75 70.82 40 35.82 1.59 25 22.91 0.50 
 
Table 2. HS-75 profile full section properties [12]. 
 
Profile type Fy (MPa) E(MPa) G(MPa) Af(mm
2
) Mass(kg/m) Ix(mm
4
) Sx(mm) 
HS-75; 0.8 550 203550 77970 186.70 1.47 147500 3773 
HS-75; 0.5 550 203550 77970 117.42 0.92 93680 2397 
 
 
FINITE ELEMENT METHOD 
Finite element method is used to solve a variety of physical problems, such as 
numerical analysis techniques. The basic solution of the finite element method is to 
divide the work piece into small elements or in a finite number so that every reaction 
due to the load on the boundary condition could be calculated. Some numeric 
equation could be solved, based on these small elements.  
 By implementing finite element method, a problem that has an infinite number of 
degrees of freedom could be solved much simpler. These problems with a certain 
number of degree of freedom could be solved much easier. Computer software could 
help to solve this finite element problem.  
 
Beam Buckling Equation 
Buckling force can be defined as a critical force or a sudden failure of a structural 
member subjected to a high compressive stress. The actual compressive stress at the 
point of failure is less than the ultimate compressive stresses that the material is 
capable of withstanding. The critical force given describes the ability of a material to 
withstand a compressive force work out on one end of the profile. This specific force 
needs to be considered in the mechanics and construction field design.  
If a column loaded with a compressive force, there will be a compressive stress. The 
compressive stress is: 
  
 
 P = compressive force (N) 
 A = cross-sectional area press (m
2
) 
 Column ends type and condition is: 
 Both ends pinned (hinged, free to rotate) 
 Both ends fixed 
 One end fixed and the other end pinned 
 One end fixed and the other end free to move laterally 
A
P

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Fig. 3: Column with both ends pinned.  
 P = critical load in column 
 y = deflection field at x 
 Moment caused by the critical load P is: 
  
 The answer of the above differential equation is: 
  
 
 With A and B are arbitrary constants.  
 At x = 0, y = 0, then A = 0 
 At x = l, y = 0, then: 
  
 
 To satisfy the above equation, the possibility B = 0 (A and B can have any value), 
so that: 
  
 
 Or: 
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Fig. 4: Column with one end clamped and one free end.  
 
 
 P = critical load in column 
 y = deflection at a distance of x from column A.  
 Moment caused by the critical load P is: 
  
 
 The general answer of the above differential equation is: 
 
a
EI
P
xB
EI
P
xAy  sincos  
 
 Where A and B are arbitrary constants.  
 At x = 0, y = 0, then A =-a 
 Differentiate the above equation: 
Buckling Simulation Analysis of a Cold-Formed Steel HS 75 2299 
 
 
  
 
 At x = 0, dy / dx = 0, then: 
  
 
 
 With substituting A = a; and B = 0, into the deflection equation, it is obtained: 
  
 At x = l, y = a, then we obtain: 
  
 
Or: 
  
 
 Where: 
 P = maximum or critical force (vertical load on column),  
 E = modulus of elasticity 
 I = area moment of inertia 
 l = unsupported length of column,  
 C = column effective length factor, whose value depends on the conditions of end 
support of the column, as follows.  
 For both ends pinned (hinged, free to rotate), C = 1. 0.  
 For both ends fixed, C = 0. 50.  
 For one end fixed and the other end pinned, C = 0. 699 
 For one end fixed and the other end free to move laterally, C = 2. 0.  
 Cl is the effective length of the column.  
 
 
00:  BthenPBecause 
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SIMULATION PROCEDURE 
The first step is producing the object model to be simulated. The object model 
simulations were made by utilizing Workbench in the Ansys software. The model is 
made in accordance with the size and dimensions of the HS-75 which has been 
previously determined. There are three objects model prepared to be simulated. 
Namely HS-75 without any given diaphragm plate, HS-75 with one diaphragm plate 
attached and the last is HS-75 with three diaphragm plate attached. The three object 
model described can be seen as follows: 
 The next step is to do the meshing on the object that was created earlier. Figure 
meshing objects can be seen in the following figure.  
 After meshing, each object is given a support at both ends. Furthermore attach the 
load on the beam at a distance predetermined. Figure beam support and load can be 
seen in the following figure.  
 
 
RESULT AND DISCUSSION 
The results showed that the larger the load given to theHS-75 beam, then the 
deflection that occurs will also be larger. Based on the type of treatment conditions on 
HS-75 light steel it was found that the deflection occurs at a maximum load of 6500 N 
is 14. 346 mm (without diaphragm plate), 6. 5094 mm (one diaphragm plate attached) 
and 0. 2064 mm (three diaphragm plates attached). It can be concluded that the HS-75 
light steel profile which uses three diaphragm plates has the greatest strength 
compared to the light steel profiles using one diaphragm plate and light steel profile 
without a diaphragm plate. This result can be seen in Fig. 11, Fig. 12, and Fig. 13.  
 From the FEM simulation it is found that the maximum deflection of the beam 
without any diaphragm plate is18. 254 mm. For the beam with one diaphragm plate, 
the maximum deflection is 13. 3299 mm and the maximum deflection for the beam 
with three diaphragm plates is 11. 6712 mm. Based on the result from the simulation 
and graph plotting it can be seen that attaching one diaphragm plate will give a 
significant strength to the HS-75 profile. The beam deflection was reduced about 
64%, at any load variation given to the HS-75 beam. For the beam with three 
diaphragm plate attachment, there is also a deflection reduced, but compared with the 
beam with one diaphragm plate deflection it is not significantly reduced, and it is 
always happen at any load variation.  
 
  
Fig. 5: HS-75 dimension Fig. 6: HS-75 without DP 
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Fig. 7: HS-75 with one DP 
 
Fig. 8: HS-75 with 3DP’s 
 
 
 
Fig. 9: HS-75 meshing 
 
Fig.10: HS-75 loading 
 
 
 
Fig. 11: HS-75 NO DP Buckling result 
 
Fig.12: HS-75 One DP Buckling result 
 
 
 
Fig. 13: HS-75 with 3DPs Buckling 
result 
Fig.14. Deflection vs load result from 
FEM Buckling simulation 
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CONCLUSION 
From the simulation results and data analysis, it can be concluded that the HS-75 
profile with three diaphragm plates attached has a higher maximum critical load 
compared either with the HS-75 with one diaphragm plate attached or with the HS-75 
without any diaphragm plate attached. So does the HS-75 profile with three 
diaphragm plates attached has a larger strength compared either with the HS-75 with 
one diaphragm plate attached or with the HS-75 without any diaphragm plate 
attached. The HS-75 profile with one diaphragm attached would induce an increase of 
the profile strength, but the increasing is not too significant.  
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